Flavonoids are one of the major pigments in higher plants, together with chlorophylls and carotenoids. Though ca. 8,000 kinds of flavonoids have been reported in nature, anthocyanins, chalcones, aurones and some flavonols act as major flower pigments. Flavonoids are present as major components in many flowers. On the other hand, flavones and flavonols, which are colorless or extremely pale yellow, function as copigment substances. Moreover, expression of the flower colors is diversified by inter-molecular and intra-molecular copigmentation, metal chelation, pH change and so on. In this review, I describe the distribution of the flavonoids which act as the pigments, and contribution to flower colors, e.g., yellow, scarlet, red, red-purple, violet, purple, blue and so on, of flavonoids, especially anthocyanins, chalcones, aurones and flavonols.
In general, the anthocyanins of pink, scarlet, red, red-purple and magenta flowers are cyanidin and/or pelargonidin with or without peonidin. For example, the red flowers of Clematis cultivars (Ranunculaceae) are due to some acylated cyanidin glycosides [5] . The red-purple, red and pink flowers of Lantana spp. (Verbenaceae) [6] , Camellia spp. (Theaceae) [7] , Acalypha hispida (Euphorbiaceae) [8] , Gentiana sp. (Gentianaceae) [9a] , Bellis perennis (Asteraceae) [10] , and Chrysanthemum cultivars [11] are also due to cyanidin glycosides. The red-purple and purple-red flowers of some Orchidaceous species, e.g., ×Laeliocattleya cultivar [12] , Pharaenopsis spp. and cultivars [13] , Bletilla striata [14] , Sophoronitis spp. [15, 17] , Dendrobium cultivars [16a] , Cheiranthes cheiri and Lunaria annua [18] in the Brassicaceae are also due to cyanidin glycosides. However, their anthocyanins are complicatedly glycosylated and acylated, and may influence the flower colors by intra-molecular copigmentation.
Pelargonidin glycosides express the red, red-purple, scarlet, deep pink and magenta color in the flowers of Gladiolus cultivars (Iridaceae) [19] , Pharbitis nil cultivars (Convolvulaceae) [20] , Verbena cultivars (Verbenaceae) [21] , and Delphinium cultivars (Ranunculaceae) [22] . As in the cases of cyanidin glycosides in the Orchidaceae and Brassicaceae [23, 24] , pelargonidin glycosides are found in the species of their families, e.g., Senecio cruentus (Asteraceae) and Anemone coronaria (Ranunculaceae) [25] , which were also complicatedly glycosylated and acylated. Thus, it was shown that the red, pink, magenta, scarlet and red-purple flowers are generally due to pelargonidin, cyanidin and sometimes peonidin glycosides. However, the anthocyanins in the red flowers of Lagerstroemia spp. (Lythraceae) are malvidin and petunidin glycosides [26] . The flowers of Linum grandiflorum (Linaceae) contain delphinidin glycosides in spite of their scarlet flowers [27] . The very rare anthocyanins, 7-O-methylpelargonidin, 7-Omethylcyanidin, 7-O-methyldelphinidin, 7-O-methypetunidin, hirsutidin and rosinidin glycosides ( Figure 2) were reported from the pale red, reddish purple and orange-red flowers of Catharanthus roseus (Apocynaceae) [28] , and 6-hydoxycyanidin, 6hydroxydelphinidin, and aurantinidin glycosides ( The flavonols, kaempferol and quercetin glycosides, were isolated from the scarlet and pink flowers of Begonia senperflorenscultorum (Begoniaceae) [31] . The flavones, apigenin, chrysoeriol and luteolin, and the flavonols, isorhamnetin, quercetin and kaempferol ( Figure 4) were found in the pink, purplish red and reddish orange flowers of Paeonia cultivars (Peoniaceae), together with the anthocyanins, cyanidin, pelargonidin and peonidin glycosides [32] . The influence on the scarlet, red and pink flower color variation of colorless or extremely pale yellow flavonoids is unknown. However, yellow pigments such as chalcones and aurones clearly affect the magenta and crimson flowers with or without anthocyanins. Practically, the aurones, bracteatin and aureusidin 6-O-glucosides ( Figure 5 ) were found in the magenta and crimson flowers of Antirrhinum majus (Scrophulariaceae), together with the anthocyanins, cyanidin and peonidin glycosides and the flavones, apigenin, luteolin and chrysoeriol glycosides [33] . The chalcone, butein 4´-O-glucoside ( Figure 6 ), was reported from the crimson flowers of Cosmos bipinnatus, along with flavones and flavonols [34] . Bletilla striata (Orchidaceae) (purple-red) Anthocyanins: Cyanidin Camellia spp. (Theaceae) (red) Anthocyanins:
Campanula medium cultivar (Campanulaceae) (red-purple) Anthocyanins:
Campanula medium cultivar (pink) Anthocyanins: Cheiranthus cheiri (Brassicaceae) (rose-red) Anthocyanins:
Clematis cultivars (Ranunculaceae) (red) Anthocyanins: Delphinium hybridum cultivars (Ranunculaceae) (red) Anthocyanins:
Delphinium hybridum cultivars (pink) Anthocyanins:
Dendrobium cultivars (Orchidaceae) (red-purple) Anthocyanins:
Dracula spp. (Orchidaceae) (dark red-purple spots with dark purple-red hairs) Anthocyanins:
Gladiolus ×grandiflora cultivars (Iridaceae) (red) Anthocyanins:
Gladiolus ×grandiflora cultivars (pink) Anthocyanins: Lobelia erinus (Campanulaceae) (purple-red) Anthocyanins:
Lobularia maritima cultivars (Brassicaceae) (red-purple) Anthocyanins:
Lunaria annua (Brassicaceae) (red-purple) Anthocyanins: [40] Matthiola incana (Brassicaceae) (violet, purple, red-purple and red) Anthocyanins: 
Pharbitis nil (pale brownish red) Anthocyanins:
Ranunculus asiaticus (Ranunculaceae) (pink) Anthocyanins:
Rhododendron spp. (Ericaceae) (red) Anthocyanins: Cyanidin 3-O-galactoside, cyanidin 3-O-arabinoside [43] Senecio cruentus (Asteraceae) (red) Anthocyanins:
Senecio cruentus (pink) Anthocyanins:
Sophoronitis spp. (Orchidaceae) (red-purple, orange-red and red) Anthocyanins:
Sophoronitis coccinea (Orchidaceae) (orange-red) Anthocyanins:
Vanda spp. and cultivars (Orchidaceae) (red-purple, purple-violet, violet and violetblue) Anthocyanins:
Verbena hybrida cultivars (Verbenaceae) (scarlet) Anthocyanin:
Verbena hybrida cultivars (deep pink) Anthocyanins:
Verbena hybrida cultivars (magenta) Anthocyanins:
Cyanic flower colors such as purple, violet and blue:
The coloration of cyanic flowers, which are purple, violet and blue, are, in almost cases, mainly due to the anthocyanidins, delphinidin, and its methylated derivatives, petunidin and malvidin. For example, the anthocyanins of the purple-violet flowers of transgenic Chrysanthemum morifolium cultivar (Asteraceae) are two malonylated delphinidin 3-O-glucosides [46] . The purple and light blue-purple flowers of Ranunculus asiaticus (Ranunculaceae) and Campanula medium cultivar (Campanulaceae) are also due to delphinidin glycosides [42] . On the other hand, the violet flowers of Babiana stricta (Iridaceae) are due to malvidin glycosides [47] . However, the anthocyanins of the blue flowers of Gentiana makinoi (Gentianaceae) [9b] and Senecio cruentus (Asteraceae) [44], the bluish purple flowers of Platycodon grandiflorum (Campanulaceae) [48], the purplish blue flowers of Aconitum chinense (Ranunculaceae) [49] , and the bluish violet flowers of Lobelia erinus (Campanulaceae) [39a] are delphinidin glycosides, which are complicatedly glycosylated and acylated. More recently, it was shown that the violet and violet-blue flowers of Clematis cultivars were also colored by intra-molecular copigmentation of acylated delphinidin glycosides [50] . Their flower colors are expressed by intra-molecular copigmentation, which is expressed as a bluish color to protect the flavilium cation of the natural anthocyanins against water attack is by intra-molecular organic acids, e.g., caffeic acid and p-coumaric acid [2] .
On the other hand, many purple, violet and blue flowers are not expressed by anthocyanin alone. Though the anthocyanins of the violet-blue, violet and bluish purple flowers of Iris spp. and cultivars (Iridaceae) are acylated delphinidin or malvidin glycosides, in all cases, other flavonoids and related compounds, e.g., Cglycosylflavones, isovitexin, swertiajaponin, swertisin, isoorientin ( O-(4´´´-acetylrhamnosides) and 2´´-O-(4´´´-acetylrhamnoside)-4´-O-glucosides (Figure 9 ), were reported from the violet-blue flowers of Iris hollandica cultivars, together with delphinidin glycosides [52] . Coexisitence of their C-glycosylflavones and/or xanthone In Liliaceae sensu lato and Pontederiaceae species, a few rare anthocyanin-flavonol and flavone complexes have been reported. Clematis cultivars (Ranunculaceae) (violet-blue) Anthocyanins:
Clematis patens (purple) Anthocyanins: Delphinidin glycoside, Cyanidin glycoside [70] Clitoria ternatea (Leguminosae) (blue) Anthocyanins: Lobelia erinus (Campanulaceae) (bluish violet) Anthocyanins: 
O-(4-O-glucosyl)-E-p-coumaloyl)-glucosyl)-E-p-coumaloyl)-glucoside)]-5´-O-(6´´-Ep-coumaloylglucoside), Delphinidin 3-O-(6´´-malonylglucoside)-3´-O-[(6-O-(4-O-(6-O-(E-p-coumaloyl)-glucosyl)-E-p-coumaloyl)-glucoside)-5´-O-[(6-O-(4-O-glucosyl)-E-p-coumaloylglucoside)],

Delphinium hybridum cultivar (blue) Anthocyanins: Delphinidin 3-O-rutinoside, Delphinidin 3-O-rutinoside-7-O-[(6-O-(4-O-(6-O-p-hydroxybenzoyl-glucosyl)-p-hydroxybernzoyl)-glucoside)], Delphinidin 3-O-rutinoside-7-O-[3´´-O-(3-O-(6-O-(4-O-(6-O-p-hydroxybenzoyl-glucosyl)-phydroxybenzoyl)-glucosyl)-glucosyl)]-[6´´-O-(4-O-(6-O-p-hydroxybenzoyl-glucosyl)p-hydroxybenzoyl)-glucoside] [22c, 22d]
Delphinidin 3-O-[(4´´-E-p-coumaroylrhamnosyl)-(1→6)-glucoside]-5- O-(6´´-malonylglucoside)-3´,5´-di-O-(6´´-E-caffeoylglucoside), Delphinidin 3-O-[(4´´- E-p-coumaroylrhamnosyl)-(1→6)-glucoside]-5-O-(6´´-malonylglucoside)-3´-O-(6´´-E- caffeoylglucoside)-5´-O-(6´´-E-feruloylglucoside) [39a]
Intra-molecular copigmentation
Aconitum chinense (Ranunculaceae) [49] , Babiana stricta (Iridaceae) [47] , 
Yellow flower
The yellow flower color of almost all plant species is due to carotenoid pigments, except for betaxanthins in the order Caryophyllales [78] . Of the flavonoid compounds, chalcones, aurones and flavonols act as yellow pigments, and they have been reported from some plants species. Aurones are definitely found in a few yellow flowers. In Dahlia variabilis (Asteraceae), two aurones, aureusidin and bracteatin 6-O-glucosides ( Figure 5 ), were major pigments, together with some chalcones, flavones, flavonols and flavanones [79] . In the Asteraceae, other aurones were reported, sulfuretin 6-O-glucoside and maritimetin 6-O-glucoside from the yellow flowers of Bidens cernua [80] , leptosidin, maritimetin and sulfuretin 6-O-glucosides ( Figure 22) from Coreopsis spp. [81, 82] , and also sulfuretin 6-O-glucoside from Cosmos bipinnatus [34a] and C. sulphureus [82] , together with chalcones and sometimes flavones, flavonols, flavanones and dihydroflavonols. Aurones and chalcones were reported from the yellow flowers of Antirrhinum majus (Scrophulariaceae) [83] , and Pharbitis nil [20] . The yellow flowers of Linaria spp. (Scrophulariaceae) [84] and Oxalis cernua (Oxalidaceae) [85] are due to the aurones, aureusidin and bracteatin 6-O-glucosides ( Figure 5 ), and aureusidin glycoside, respectively. On the other hand, the yellow flowers of Dianthus caryophyllus (carnation) (Caryophyllaceae) [86] , Cyclamen persicum (Primulaceae) [87] , and Nymphaea cultivars (Nymphaeaceae) [88] are due to chalcones, especially either chalcononaringenin 2´-Oglucoside ( Figure  23 On the other hand, common flavonol glycosides act as yellow pigments in the flowers of Clematis patens and its cultivars [90] . In this species, when B-ring ortho-hydroxylated flavonols such as quercetin 3-O-galactoside, 3-O-glucoside and 3-O-rutinoside are present in large amounts, they act as pale yellow pigments. However, B-ring monohydroxylated flavonols, such as kaempferol 3-O-glucoside and 3-O-rutinoside, which are present in large amounts in white Clematis species, did not act as yellow pigments, even if they are abundantly accumulated. It is also known that the yellow flowers of Chimonanthus praecox (Calycanthaceae) [91] and Hibiscus rosa-sinensis (Malvaceae) [92] are due to common quercetin glycosides. In the pale yellow flowers of the Cactaceous species, Astrophytum spp., flavonol aglycones, especially quercetin, are accumulated in the vacuoles of the petals as crystals [93] . Camellia chrysantha (Theaceae) produces deep yellow flowers. Its pigment components are the pale yellow flavonols, quercetin 3-Orutinoside, 3-O-glucoside and 7-O-glucoside in both yellow and white flowers [94] . However, a high accumulation of Al ions was found in the deep yellow flowers. Thus, the deep yellow color of C. chrysantha is generated by the chelation between the Al ion and quercetin glycosides, which is a unique yellow 'dyeing' system of these flowers [94] .
Iwashina
In contrast to common flavonols such as quercetin and kaempferol, 6-and/or 8-hydroxylated flavonols are known as yellow pigments in some species. Patuletin, quercetagetin and axillarin ( Figure 24) , and their 7-O-glycosides were isolated from the yellow flowers of Centaurea ruthenica (Asteraceae) [95] . The yellow flowers of Gossypium spp. (Malvaceae) [85] and Tagetes spp. (Asteraceae) [97] also accumulate yellow flavonols such as gossypetin and quercetagetin glycosides, together with kaempferol and quercetin.
Patuletin Quercetagetin
Axillarin Jaceosidin Viola tricolor cultivars (Violaceae) (black) Anthocyanin: Delphinidin 3-O-(4´´´-p-coumaroylrutinoside)-5-O-glucoside [101] White and other flowers In general, 'pure white' flowers are not present in nature. Some flavonols and flavones, such as kaempferol, quercetin, apigenin and luteolin, are contained in almost white flowers. They may be used as the attractants of insects to the flowers, so almost all white flowers are 'pale yellow'. As described above (in yellow flowers), kaempferol glycosides are 'colorless'. However, in the white flowers of a few white carnation cultivars, kaempferol glycosides surely contribute to the creamy tone of the white flowers [99] .
There are some plants with so-called black flowers, but they are clearly dark purple or dark red rather than black [100] . Major anthocyanins of two ornamental species, Viola tricolor (Violaceae) [101] and Tulipa gesneriana (Liliaceae) with 'black flowers', have been characterized as delphinidin 3-O-(4´´´-pcoumaroylrutinoside)-5-O-glucoside [101] and delphinidin 3-Orutinoside [102] . In the case of Viola cultivars, it seems that the presence of yellow carotenoids in sub-epidermal cells contributes considerably to the depth of color and the appearance of black. In the flowers of Alcea rosea (Malvaceae), the black color occurs by accumulation of many anthocyanins [103] .
About 270,000 kinds of wild flowering plants are known in nature, and these many species produce colored flowers. In this review, we describe the contribution of the flavonoids, including anthocyanins, to flower colors, but the investigated plant species are small in number compared with those available. Our research into the pigment components of flowers is continuing.
